Results from the model suggest that shear instability will be more important on barred, rather than monotonic beach profiles, a result of the stronger shears expected over the bar crest. Since vorticity waves will probably have a profound effect on cross-shore mixing as well as longshore current dissipation, we expect the dynamics of barred and monotonic beaches to show fundamental differences.
OSHB89 show the FIG band waves to be energetic and very coherent in the longshore direction. Kinematics are linked to the strength of the mean longshore current. In this paper, we present a model for these waves based on a shear instability of the mean longshore current. While new to nearshore, the mechanism is well studied in larger-scale physical oceanography (Niiler and Mysak Copyright 1989 by the American Geophysical Union.
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0148-0227/89/89JC-01393505.00 [ 1971] for example) and depends on the conservation of potential vorticity. For the larger scale case, a background potential vorticity is supplied by the Earth's rotation through a term f/h, where f is Coriolis and h is the depth. For the nearshore Coriolis is neglected and the background vorticity is derived from the shear structure of a steady longshore current. Perturbation of the current will then lead to a longshore-progressive vorticity (or shear) wave, where the restoring force may be considered to be potential vorticity instead of the traditional gravitational acceleration. Wavelengths are substantially shorter than gravity waves of the same frequency.
In the next section we develop the basic equations for the conservation of potential vorticity for the case of a small perturbation to a steady longshore current. The equations are then solved for a simple example geometry. Under some conditions the solution is unstable so that the wave will grow exponentially.
The characteristic scales of these motions are discussed and are shown to be roughly the same as the field observations of OSHB89. Finally, the impact of this new class of motions to nearshore dynamics is discussed.
T}mo}•Y
Since the waves observed by OSHB89 are too short to satisfy gravity wave dynamics, we seek alternate solutions to the equations of motion. In particular, we will search for short scale motions under the nondivergent, or rigid lid, assumption. In this case, accelerations of the flow will be driven by the inertial terms involving the mean longshore current. The development follows closely that of Niiler and Mysak [ 1971 ] 
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The instability exists from a high-frequency limit of approximately 0.1 fs to a low frequency limit that varies with 15. If scientific interest is focussed on conditions of large 15 and large shear fs (yielding the fastest growth rates), then the span of frequencies can be quite large. While the instability occurs over a range in frequency and wavenumber, there will be a single fastest growing wave that we can use to determine characteristic time and length scales. This corresponds to the point of maximum {Jim (Figure 2b) . Figure 4a shows the frequency, ff, of the fastest growing vorticity wave, normalized by fs. Figure 4b shows For the geometry under consideration, it is apparent that fs and x 0 provide appropriate temporal and spatial scaling, respectively. As normalized, the variables depend only on •5, and even then, the dependence is weak (particularly for the wave frequency, ff). From Figure 9c shows the potential vorticity profile for this more realistic case. While the profile is smoother than that of the example, the basic structure is the same. Potential vorticity still goes from positive near the shore, through a negative minimum, then to zero offshore. The necessary condition for an instability, the existence of an extremum, is still satisfied, and we would expect the instability to scale roughly as the example. In general, it will be true that the structure of potential vorticity will be based more on the velocity structure than on the beach profile; the velocity shear can change sign, whereas depth is always positive. The shear of the seaward face of the current, fs, appears to provide a natural scaling for the frequencies of the instability. We expect the greatest scientific interest to focus on conditions of large offshore shear since growth rates will be fastest (strongest instability) and wave frequencies will be largest and most easily resolved. This suggests that the shear wave instability mechanism may be more important on barred beaches (where the concentration of wave breaking on the bar crest should force a large shear) than on monotonic profiles. Shear waves may have several important consequences to nearshore dynamics. Previously, dissipation of longshore currents was assumed to be simply through bottom friction. This mechanism shows that strong longshore currents can be unstable. The dissipation of the instability would undoubtedly be only poorly modelled by traditional dissipation terms. Moreover, the dissipation will depend not just on the magnitude of the current, but also on the maximum shear, a characteristic that will distinguish barred from monotonic beach profiles.
As shown in Figure 8 , shear waves can also act as a strong mechanism for mixing in the cross-shore. If we parameterize horizontal mixing with a horizontal eddy diffusivity, A H = UX, where U and X are characteristic cross-shore velocity and crossshore displacement scales of the mixing agent, then we can currents on natural beaches). In that case, the perturbation may grow with an initial growth rate that is exponential. For a simple example geometry, the celerity of these motions is shown to vary as approximately 1/3 V 0, where V 0 is the peak longshore current. A natural frequency scaling of the motions is fs, the shear on the seaward side of the longshore current. The instability occurs for a range of frequencies from about 0.1 fs to a lower limit depending on fi, the relative location of the peak velocity in the mean longshore current. If we take the fastest growing waves as representative, the characteristic longshore wavelength is of order 2x 0, where x 0 is the width of the longshore current. A characteristic frequency will be 0.07 fs and growth (e-folding) time scale will be about half of one period. Obviously the instability is strong and assumptions of linearity would soon fail. Inclusion of a simple Rayleigh damping factor, )•, suggests that the instability will not grow unless the calculated growth rate is faster than )•, which should be O(10 -•-10 -3) Hz.
Spatial patterns of velocity depend on the relative magnitude of the shear wave and the mean current. For shear wave magnitudes less than 1/2 the peak longshore current, the vorticity wave may appear negligible to the eye (although clearly detectable to instruments). For shear waves that are comparable to V 0, the resulting pattern is one of a clearly meandering longshore current. The relative phase between wave variables u, v, and q vary with cross-shore position; these expected variations may prove useful in inferring the shear structure of naturally occurring longshore currents from measured phase relations. It is expected that the very simple geometry of the model will reproduce the important features of more realistic bathymetries and current structures since it mimics the essential elements of the potential vorticity structure.
Based on simple scaling arguments, shear waves are expected to provide an effective horizontal eddy viscosity that can be up to 10 times greater than that for incident band gravity waves. Similarly, the ultimate dissipation of longshore currents may depend critically on the shear instability, with the traditional dissipation models providing only a crude approximation of the true mechanism. These latter conclusions depend on the existence of the instability, which in tum depends on the offshore shear, fs. Thus barred beaches, where longshore current shear can be concentrated near the bar crest, may exhibit fundamentally different dynamics than monotonic beaches.
